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EXPERIMENTAL   l.-A! ST lÜATION  OF 

VERY  HIGH  FEEQUEMn   SLOT ANTF.N'NA OM M-60A-1   TANK 

i * • INT^niTTI ^N 

The 
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recogniz 
utilizin 
arc lost 
antennas 
friendly 
nas were 
electric 
antennas 

hi'.h profile of conventional whip antennas and their 
ilit\- to sraall ams fire and shell blasts have long been 
e«J as Jetrinental features.  Tanks and armored vehicles 
g such antennas are frequently rendered ineffective or 
in conbat due to the destruction of their communications 
and subsequent Inability to maintain contact with 
elements.  To onhance survivabi1itv, low profile anten- 
Investigated, even though it was expected that their 

al performance would not equal that of conventional whip 

Two approaches to 1 
the vehicle is used pri 
against which a small a 
the vehicle is induced 
means of electrical exc 
used, the vehicle will 
current produced on its 
tennas employim', the fi 
multiturn loop antennas 
monopoles.  This report 
approach, in which the 
antenna bv means of a s 

ow 
mar il 
ntenn 
to ac 
i tat i 
radia 
surf 

r s t a 
, and 
will 

metal 
lot s 

ofile antennas exist. In one approach, 
y as a ground plane or counterpoise, 
a is excited.  In the other approach, 
t as the antenna by some suitable 
on.  Regardless of which approach is 
te to some degree because of the 
ace by the antenna.  Lxamples of aa- 
pproach include small loop antennas, 
capacitivcly- and inductively-loaded 
be concerned mainly with the second 
body of a tank is energized as an 

tructure [1]. 

BACKGROUND 

In reference [1], two different versions of the slot antenna 
are discussed.  The first version consisted of a large cavity- 
backed slot installed on the turret of an M-60 Tank.  This slot 
structure, because of its large cavity, increased the silhouette 
of the turret significantly, and was therefore abandoned.  The 
second version of the slot structure, somewhat smaller in size, 
consisted of a metal sheet bent to fit the contour of the turret. 
This antenna was termed the "dual-slot-structure." 

The third version of the slot antenna, to be discussed here, 
was developed specifically to fit the turret of the M-60A-1 Tank. 
Except for its contour, it is similar to the second slot antenna 
discussed in reference [1]. 

[1] Kurt Ikrath, Paul Sexton, William Kennebeck, § Peter 
Pingitore, "VHP slot antennas on tanks," Res. 5 Dev. 
Technical Report ECOM-4367, U. S. Army Electronics Com- 
mand, Fort Monmouth, N. J., November 1975 (AD B007-878). 
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5.  THIRD Vr.RSION' OF SLOT ANTENNA ON M-60A-1 TANK 

This slot structure, also devise 
as an antenna, consists of a metal s 
of the back of the turret (see Figs, 
sheet was mounted on insulators and 
the turret. The lower-righc and -le 
were connected electrically with the 
mounting posts normally used to supp 
tie rack was installed on the outer 
The slot structure is shown schemati 
tor, which is located at the feedpoi 
turret and the metal sheet, as shown 

d to excite t 
heet bent to 

1 through 3) 
spaced a smal 
ft corners of 
turret by me 

ort the bustl 
surface of th 
cally in Fig. 
nt, is connec 
in the figur 

he M-60A-1 Tank 
fit the contour 

The metal 
1 distance from 
the metal sheet 

ans of the 
e rack; the bus- 
e slot structure. 
4.  The genera- 

ted between the 
e. 

3.1.  Impedance Characteristic 

The impedance characteristic of the first two versions 
of the slot antenna is discussed in detail in reference [1]. The 
discussion considers the effect of various grounding point loca- 
tions along the metal sheet on the feedpoint impedance. 

BUSTLE RACK 

^Äl^^EK^Ä^ 
Fig. 1.  Overall view of M-60A-1 Tank with slot antenna, 



PI-CIRL   II 
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• e t • • • • •## 5^T STRUCTURE 

Fig. 2.  Close-up view of slot structure on M-60A-1 Tank, 

Fig. 3.  Top view showing pi-circuit and portion of 
slot antenna on M-60A-1 Tank. 
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Fig, 4.  Schematic of slot antenna on M-60A-1 Tank. 

3.1.1.  Impedance characteristic of third version 

without matching circuit.  The third version of the slot antenna, 
which was fed near the top center point and grounded in the manner 
shown in Fig. 4, offered a reasonably well-behaved feedpoint im- 
pedance characteristic.  Figure 5 shows the measured feedpoint 
impedance (normalized to SO ohms) of this version of the slot 
antenna when operating in the frequency range 28 to 75 MHz and 
mounted on the M-60A-1 Tank.  The impedance was obtained with 
the impedance matching network disconnected.  It is seen that 
the feedpoint impedance was inductive at most frequencies, and 
that the voltage standing-wave ratio (VSWR) exceeded three, 
except for the frequency range 5 3 to 5 5 MHz. 
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BESI AVMLABIi COPY 

IMPEDANCE OR ADMITTANCE COORDINATES 

Fig.   5.     Measured feedpoint  impedance   (normalized  to  50  ohms) 
of slot antenna on M-60A-1 Tank. 
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the   feeJpomt   iapeJance of the slot  strucS'iie br wans of m mi 
latching 

'ustable r*: rcuit tailed  r.ext   to Th, rJrwi; Ihis cir- 
cuit   fFig.   6)  was useJ to trrmsform te  teeJpoint   inpeJaiice  to 
50 oh»s.     Py fianual  adjustrcnt   of   the  reactances of  the  pi-circmt. 
it  i»as  possible 
range  51   to  "IJ ' 

•-•nin a V*¥? of   ' i.s   over  the   frequeueT 

son 

SLOT STRUCTURE 

Fig. 6. Schematic diagram of pi-circuit and slot structure. 

3.2.  Voice Communicatiors Range 

Tests to determine the communications range obtainable 
between the M-60A-1 Tank and a small truck, both of which were 
equipped with standard vehicular radios, type A.V/VRC-12, were 
performed at Aberdeen Provin?: Cround, ''aryland. To facilitate 
correlation with the radiation patterns, the truck was driven 
away from the tank in the direction of the gun in its tied down 
position.  The M-60A-1 Tank remained stationary. 

Results obtained with the standard AS-1729 Whip Antenna and 
with the slot antenna at a frequency of 49.9 MHz were compared. 
A radiated power of 37 watts was used with both antennas.  The 
slot antenna provided a strong signal at a distance of 13 km; the 
whip antenna provided a strong signal at 19 km.  At 19 km, the 
slot antenna provided a weak signal.  The whip antenna provided 
useable communications at 30 km, but the signal was weak. 
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4.  CONCLUSIONS 

4.1.  Patterns. Lfficiencv Range, and Impedance 

The third version of the slot 
M-60A-1 Tank was found to provide good radiation pal 
lower portion of the VHF band; it was, however, some 

antenna mounted on the 
itterns in the 

. __  __,  .., ^„..lewhat less 
efficient than the standard whip antenna.  The cemmunications 
range provided by the slot antenna has not been determined at all 
trequencies in the VHF band; however, at midband, the slot 
on the tank provided adequate communications at a distance 
18 km.  The isipedance of the slot antenna could be matched 
50-ohn radios. 

antenna 
of 
to 

4.2.  Operational Considerations 

The slot antenna reduced the height signature of the 
tank, but increased the profile of the turret.  In addition, the 
slot structure may trap projectiles and thus decrease, rather 
than increase, the survivability of a tank.  Since the separation 
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30.9 MHz 

Fig. 7. Measured radiation pattern at 30.9 MHz of 
slot antenna and of whip antenna on 
M-60A-1 Tank (gun tied down). Field intensity- 
given in dB. 
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49.9 mi 

Fig. 8.  Measured radiation pattern at 49.9 MHz of 
slot antenna and of whip antenna on 
M-60A-1 Tank Cgun tied down). Field intensity 
given in dB. 
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73.9 MHz 

1? Measured radiation pattern at 73.9 MHz of 
slot antenna and of whip antenna on 
M-60A-1 Tank (gun tied down), ^ield intensity 
civen in dB. 
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30.9 MHz 
GUN RAISED 

Fig. 10. Measured radiation pattern at 30.9 MHz of 
slot antenna and of whip antenna on 
.M-60A-1 Tank (gun elevated and aimed in 
direction of driver). Field intensity given 
in dB, 
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49.9 MHz 
GUN RAISED 

:i.Q. 11. Measured radiation pattern at 49 Q MH" of 
ff AL*?*?11

! 
l?nd 0f wh±P  antenna'on 'i-oGA-l Tank (gun elevated and aimed in 

direction of driver). Field intensity given 
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73.9 MHz 
GUN RAISED 

Fig.   12.     Measured  radiation  pattern  at   73.9 MHz  of 
slot  antenna  and of whip antenna  on 
M-60A-1  Tank   (gun  elevated  and  aimed   in 
direction of driver).     Field   intensity  given 
in dB. 
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between tanks in combat usually does not exceed 2 to 4 km, the 
communications range achieved with the slot antenna should be 
adequate for tactical missions. 

5.  RECOMMENDATIONS 

This study suggests that slot antennas compare favorably 
with standard whip antennas and that they provide adequate com- 
munications within the operating range normally used during 
combat.  The performance of the experimental slot antenna should 
be compared with the performance of other low profile antennas 
(e.g., small loop antennas and small top-loaded antennas) either 
currently available or under development. 
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